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Abstract

Purpose: Our primary aim was to study the effects of a 4 wk preparatory resistance
training (RT) period followed by 12 wks of two specific RT protocols (either
hypertrophic-strength, HS, or strength-hypertrophy-power, SHP, training) on
inflammation markers and the possible relationship of the changes in abdominal fat and
lean mass to the changes in inflammation status.

Methods: A total of 82 healthy men were included in the study. Maximal concentric leg
press strength (1RM), total body lean mass, total body and abdominal fat mass,
circulating high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), interleukin-
1 receptor antagonist (IL-lra), monocyte chemoattractant protein 1 (MCP-1), and
selected adipocytokines (resistin, adiponectin and leptin) concentrations were measured
before (PRE) and after 4 (wk4) and 16 weeks (wk16) of RT.

Results: After the initial phase of RT, on wk4, abdominal and total fat mass as well as
plasma leptin concentrations were significantly reduced (p<0.05), whereas muscle mass,
IL-1ra, resistin and MCP-1 concentrations were significantly increased (p<0.05). During
specialized training phase, at wk16, only HS led to further reduction in abdominal and
total fat mass, resistin, and leptin (p<0.05), whereas both training modes led to lower
MCP-1 concentrations (p<0.05).

Conclusion: Abdominal fat mass and circulating leptin were reduced already after 4 wks
of RT. Simultaneously, circulating MCP-1 and resistin concentrations increased, possibly
as markers of muscle adaptation and regeneration. The present findings also suggest that
RT with hypertrophic focus is beneficial for further reductions in abdominal fat mass and
to decrease circulating inflammatory markers.

Keywords: lean mass, muscle strengthening, adipokines, cytokines, body mass
maintenance
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Introduction

Systemic inflammation is an independent risk factor for several diseases like type 2 diabetes (Pradhan et al.
2001) and atherosclerosis (Hansson 2005). Resistance training (RT) has been associated with
improvements in inflammation state in overweight adults (Olson et al. 2007), elderly people (Phillips et al.
2012) as well as in specific patient groups (Conraads et al. 2002, Moraes et al. 2014). Suppressing chronic
inflammation at an early stage in life via regular exercise could serve as an efficient approach to prevent or
delay the onset of inflammation and related diseases (Forti et al. 2017). There is recent evidence that RT
could also have beneficial effects on inflammation in untrained young men (Forti al. 2017), however, this

has not been consistent between all studies (Ara et al. 2006, Libardi et al. 2012, Rall et al. 1996).

A bout of heavy resistance exercise (RE) triggers a transient inflammatory response comprising of an
augmented white blood cell count and stimulation of pro- and anti-inflammatory cytokine production
(Freidenreich and Volek 2012). The cytokine response induced by a bout of heavy resistance exercise
involves enhanced production of pro-inflammatory cytokines, such as interleukin-6 (IL-6) and interleukin-
1B (IL-1B). In addition to its pro-inflammatory and metabolic activities, IL-6 produced by the exercising
muscle has been proposed to have anti-inflammatory properties through its stimulatory effects on the
production of anti-inflammatory cytokines interleukin-1 receptor antagonist (IL-1ra) and interleukin-10
(IL-10). These mediators play a crucial role in the containment and resolution of inflammatory processes,
and have been suggested to have a role in mediating the beneficial immune-modulating effects of resistance
exercise (Petersen and Pedersen 2005). It has been suggested that not only the initial response to unfamiliar
RE differs from the later responses but also that RT significantly affects the acute inflammation response to
RE and modifies it into an anti-inflammatory direction (Ihalainen et al. 2017, Murton et al. 2014). Thus, it
could be possible that the initial phase of RT in untrained participants might also induce different effects on

inflammation status that have been observed in long-term RT studies.

Another mechanism explaining the anti-inflammatory effects of exercise, observed as lower circulating

inflammation markers, is suggested to be the reduction in visceral fat mass with a subsequent decrease in
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release of proinflammatory adipocytokines and increase in the release of anti-inflammatory adipocytokines
(Gleeson et al. 2011, Robinson and Graham 2004). Adipocytokines (e.g. leptin, adiponectin, and resistin)
are hormones that were first discovered to be secreted by adipose tissue and to regulate energy metabolism
and appetite. More recent findings on the ubiquitous expression of their receptors and cellular effects have
revealed that they also are involved in the regulation of a variety of biological functions related to immune
responses and inflammatory diseases (Ouchi et al. 2011, Cao 2014, Scotece et al. 2014). A single resistance
exercise bout has been demonstrated to exert specific acute effects on adipocytokine levels and the
response appears to be dependent on the duration of the exercise as well as on energy expenditure

(Bouassida et al. 2010, Thalainen et al. 2014).

RT has been shown to have a positive effect on several inflammation markers, including adiponectin
(Fatouros et al. 2009). However, the time course, the effects of starting RT and the effects of different RT
regimens on inflammation markers are not fully understood. Consequently, our primary aim was to study
the effects of 4 wk preparatory RT period followed by 12 wks of either hypertrophic-strength (HS) or
strength-hypertrophy-power (SHP) RT on inflammatory markers in previously untrained men. As a
secondary purpose, we evaluated the association between the changes in abdominal fat mass, total body
lean mass, and strength performance variables and the selected inflammation markers. We hypothesized
that both the preparatory and the more specific RT would induce significant improvements in inflammation
markers and that the magnitude of these adaptations would be related to the protocol used in longer-term

RT and to the changes in body composition.
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Materials and methods

Participants. A total of 150 men contacted us to express their interest in the study. Of these, 92 men met
the participation criteria and participated in pre-measurements. The participants were randomly assigned to
hypertrophy-strength training (HS, n=44) or to strength-hypertrophy-power training (SHP, n=44). In
addition, 14 men served as a control group. The number of the participants that completed pre-, 4wk, and
16wk measurements and were included in this study were HS = 37 and SHP = 31. All participants reported
taking part in sport activities on a weekly basis, but none were competitive athletes or had a background in
systematic strength training. Participants filled in a health questionnaire prior to participation in the study.
A completed health questionnaire and resting ECG were reviewed by a physician prior to exercise testing
and training. All subjects reported that they were free from injury, and were not using any medications or
smoking. The subjects were informed about the importance of maintaining their previous dietary habits
throughout the study. Each subject was informed of the potential risks and discomforts associated with the
measurements, and all of the subjects gave their written informed consent to participate. The study was
conducted according to the Declaration of Helsinki, and the Ethics Committee of the University of
Jyviskyla, approved the study.

Study design. The duration of the whole training intervention was 16 weeks. Measurements were
performed prior to (wkO0), after 4 weeks of preparatory RT (wk4), and after 12 weeks of specialized RT at
week 16 (wk16) of training. The control group was measured only before and after the RT as a follow-up.
Training. The intervention started with 4 weeks of progressive muscle endurance training twice a week as
one group (HS+SHP). A total of 8 training sessions were done during this initial phase RT. The participants
used eight to ten exercises in one workout, 2-3 sets of every exercise, and 10—15 repetition in every set.
Recovery time between the sets lasted two minutes. Training loads were 50-80 % of one repetition
maximum (1 RM) increasing throughout the preparatory phase. Bilateral leg press, bilateral knee extension,
and bilateral knee flexion exercises were performed with weight-stack devices during each RT session. The
preparatory RT period also included exercises for the other main muscle groups of the body and were
conducted once a week using machines. Chest and shoulders, upper back, trunk extensors and flexors, and

5
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upper arms rotated during 2 weekly exercises. After 4 weeks of training, the subjects were divided into two
different RT regimens: 1) training aiming especially for muscle hypertrophy and strength (HS) and 2)
training aiming for muscle strength, hypertrophy and power (SHP) for 12 weeks. A total of 28 training
sessions were undertaken during this specialized training phase. Participant had 2 or 3 training sessions a
week, depending on the phase of the training period. The exercises used were the same as those used in the
4 wk preparatory phase. The specific RT programs performed over the next 12 wks was periodized and
thus divided further into three different blocks. Every block consisted of 4 wks of RT. In the first block, the
SHP group had 25 % power-strength (PS) and 75 % maximal-strength (MS) training sessions, in the second
block 75 % PS and 25 % MS training sessions, and in the last block 87.5 % PS and 12.5 % MS training
sessions. In contrast, the HS training group’s first block consisted of 100 % HS sessions, the second block
75 % HS and 25 % MS training sessions, and the last block 25 % HS and 75 % MS training sessions. HS
training contained mainly of sets including 8—12 repetitions with 75-85 % loads of 1 RM. MS training in
both RT regimens consisted of neural enhancing RT with lower repetitions per set (typically 4—6) and
higher intensity (86-95 % 1 RM), but also more traditional hypertrophy sets to increase muscle size. PS
training consisted of sets with lower loads of 1 RM (50-80 % 1 RM) performed with maximal concentric
speed. The individual loads were determined by strength testing for each exercise every fourth wk. The
training techniques were carefully supervised and the training was controlled throughout the whole RT
period. The sets were conducted such that the last repetition could still be performed with good technique
or until concentric failure. The exception to this was the power-strength (PS) sets in SHP that were
conducted with maximal concentric speed and, thus, not close to concentric failure. The training program
has been described in detail by Hulmi et al. (Hulmi, Laakso, Mero et al. 2015). Subjects were advised to
continue their normal recreational physical activities such as low-intensity walking, skiing, cycling, and
swimming throughout the study.

Abdominal fat. Whole body composition was estimated by Dual X-ray Absorptiometry (LUNAR Prodigy,
GE Medical Systems, Madison, USA). The DXA-scans were performed in the morning with the participant
in a fasted (12 h) state. Automatic analyses (Encore-software, version 14.10.022) provided total body fat
mass and total body lean mass. Abdominal fat was calculated manually defining a range of interest

confined cranially by the upper end plate of the first lumbar vertebra, laterally by the ribs and caudally by
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the iliac crest (Tallroth et al. 2013) at wkO. This customized range was then copied to the DXA scans at
wk4 and wk16, respectively.

Nutrition. Subjects kept 4-day food diaries during the second block of the 12-week RT period. The
researchers gave subjects both verbal and written nutritional recommendations based on the Finnish
Nutrition Recommendations 2014 in a one two-hour lecture. As a rule, these follow the recommendations
for the Nordic countries in Europe published in Autumn 2013 (NNR2012) and are very close to USDA and
HHS dietary guidelines (2010) for normal healthy adults. The subjects were instructed on how to report
nutritional intake in the diaries. During the intervention subjects were randomly given a post-workout
supplement. One group received protein, one group carbohydrate, and one group protein plus carbohydrate.
Protein and carbohydrates were provided by Northforce (Kuusamon Juusto Oy, Kuusamo, Finland). The
protein group received 37.5 grams of whey concentrate (30 g of whey proteins, 5 g of lactose <1 g of fat)
and the carbohydrate group received 34.5 grams of maltodextrin. In contrast, the protein plus carbohydrate
group received 37.5 grams of whey concentrate (30 g of whey proteins) and 34.5 grams of maltodextrin.
The nutritional subgroups were randomly assigned and evenly distributed within the training groups.
Nutrients provided by the supplements were included in the analysis. The food diaries were analyzed by
nutrient analysis software (Nutri-Flow; Flow-team Oy, Oulu, Finland).

Maximal-strength performance. Maximal strength was measured by a one-repetition maximum (1RM)
test of dynamic leg press exercise performed using David D210 leg press device (David Health Solutions
Ltd., Helsinki, Finland). The starting position (flexed) was at a knee angle of 60 degrees, and IRM was
accepted as the highest load that the subjects could lift to a full knee extension (180 degrees). Subjects
performed 3 warm-up sets and 3 to 5 trials, after which the highest load was accepted as the 1RM.

Venous blood samples. Fasting samples were taken in the morning (7:00-9:00 a.m.) after a 12 h overnight
fast. Participants were instructed to abstain from strenuous physical activity, including RT sessions in the
training programme, for 48 h before the blood samples were taken at wk0, wk4 and wk16. Venous blood
samples were drawn from an antecubital vein using standard procedures and the blood was transferred into
serum and EDTA tubes (Venosafe, Terumo, Belgium). The serum samples were held for 15 min at room
temperature before being centrifuged for 10 min at 2000 x g (Megafuge 1.0 R, Heraeus, Germany). The

EDTA-treated samples were centrifuged for 10 min at +4°C with 2000 x g (Megafuge 1.0 R, Heracus,
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Germany). Both plasma and serum were kept at -80°C until analysed. High-sensitivity C - reactive protein
(hsCRP) in serum samples was analysed by using the Immulite 1000 and immunoassay kits (Immulite,
Siemens, IL, USA). The detection limit and inter-assay coefficient of variation was 0.1 g-mL™ and 10 %,
respectively.  Concentrations of interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1),
interleukin-1 receptor antagonist (IL-1ra), adiponectin, leptin and, resistin in plasma samples were
determined by enzyme-linked immunosorbent assay (ELISA) with commercial reagents (R&D Systems,
Europe Ltd, Abingdon, UK). The detection limits and inter-assay coefficients of variation, respectively,
were 0.2 pg-mL" and 7.8 % for IL-6, 3.9 pg-mL'1 and 6.5 % for MCP-1, 15.6 pg'mL™" and 4.1 % for IL-1ra,
19.5 pg'mL™" and 4.4 % for adiponectin, 15.6 pg'mL™" and 6.0 % for resistin and 15.6 pg-mL™ and 3.2 %
for leptin.

Statistical analyses. All data are expressed as means =+ SD, except where indicated. Data was analysed
using PASW statistic 22.0 (SPSS, Chicago, IL, USA). The final analysis for the present study was
performed only on adherent participants (90 % adherent to exercise intervention) with outliers (n=3)
removed. Outliers were defined as a variable greater than 3 SD above the mean for wk0, wk4 or wk16.
Results were similar when the same analysis was performed with outliers included. Before applying further
statistical methods, the data was checked for sphericity and normality. If a specific variable violated the
assumptions of parametric tests, log-transformation was used. This concerned values of adiponectin, leptin,
IL-6, MCP-1 and hs-CRP. Absolute changes were analysed via two-way repeated analysis of variance for
main (time and group) and interaction (group x time) effects. For each analysis, the corresponding baseline
values and the nutritional supplement were used as a covariate when appropriate. If a significant main
effect or interaction was observed, the change from wkO-values for mid and from wk4 to post were
compared between groups using paired t-tests with Bonferroni correction. Effect sizes (ES) are given as
Cohens d with an effect size of 0.20-0.50 being considered small, 0.50-0.80 medium, and >0.80 large.
Spearmans correlation coefficients were used to examine the associations between depending variables.

The level of statistical significance was set at p < 0.05.
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Results

Training adherence. The training adherence was 99+2% and 95+1% in HS and SHP groups, respectively.
All subjects completed at least 90% of the overall training volume.

Nutrition. Total energy intake (MJ) was 10.1 + 1.8 and 11.2 £ 2.1 in HS and SHP groups, respectively.
There was no significant difference in dietary intake between the groups.

Inflammation markers. Effects of RT on the circulating levels of inflammatory markers are shown in
Table 1. There were no significant differences in the initial 4wk RT phase responses between the HS and
SHP groups in any of the inflammation markers. All the variables stayed statistically unaltered in the

control group (C) after the follow-up.

**Table 1 somewhere here**

IL-6, CRP, and adiponectin concentrations remained unaltered by RT. Interesting statistically significant
alterations were observed in IL-1ra, MCP-1, resistin, and leptin (Figure 1). A significant increase in IL-1ra
concentration was observed after the initial phase of RT (p < 0.001, ES = 0.989). The specialized RT phase
did not have any additional effect on IL-1ra. MCP-1 concentration increased after the initial phase of RT (p
=0.039, ES = 0.548), however, both HS and SHP had a significant lowering effect on MCP-1 levels (p =
0.045, ES = 0.522; p = 0.027, ES = 0.604, respectively). In the initial phase of RT, circulating resistin
concentrations increased significantly (1.25 + 0.40 %; p = 0.039, ES = 0.546) but were reduced during the
following 12 wks of HS training (p = 0.046, ES = 0.519). Significant changes in circulating leptin
concentrations were observed after the initial 4 wk phase of RT (p = 0.006, ES = 0.799) and it was further
reduced during the specialized HS training period (p = 0.037, ES = 0.538). SHP had no effect on leptin (p =

0.821).

***Figure 1 somewhere here***
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Total and abdominal fat mass. Changes in body composition and 1RM are summarized in Table 2. No
significant changes were observed in body mass. We observed a significant reduction in total fat mass from
wkO to wk4 (-3.2 £ 6.8 %, p = 0.001, ES = 0.969). During the specialized training period a significant
group X time interaction was observed (p = 0.006, ES=0.795) in total fat mass. Thus, from wk4 to wk16 we
observed a significant reduction in total fat mass only in the HS group (-6.2 + 10 %, p <0.001, ES = 0.993).
In line with the reduction in total fat mass, abdominal fat mass was significantly reduced after 4wk of RT
(p=0.001) and a significant group X time interaction was observed (p = 0.004, ES = 0.848) in abdominal fat
mass after specialized training. Abdominal fat mass decreased significantly (-7.9 + 11.4 %, p <0.001, ES =
1.00), in HS only. Significant changes in total and abdominal fat mass were not observed in the SHP group
after specialized training (0.1 + 6.6 % and 3.3 + 9.4 %, respectively). In the C group a significant increase

in total fat mass was observed (+8 + 22 %, p = 0.018).

Lean mass. Lean mass increased significantly from wkO to wk4 (1.4 £ 1.9 %, p =0.001, ES = 1.00), and a
significant group X time interaction was observed during the specialized RT (p = 0.041, ES = 0.536). A
significant increase in lean mass was observed from wk4 to wk16 both in both HS and SHP groups (1.3 +
1.9 %, p <0.001, ES=1.00; 1.5 £ 1.7 % p = 0.018, ES = 0.669, respectively) but the increase was greater

in HS.

1RM. A significant main effect of time was observed in IRM from PRE to wk4 (p=0.001, ES = 0.916) as
an increased 1RM was observed from PRE to wk4 (17.6 = 18.3 %, p < 0.001, ES = 1.00). Both HS and
SHP training increased 1RM from wk4 to wk16 (13 = 8.1 %, p <0.001, ES = 1.00; 11 £ 6.5 %, p < 0.001,

ES = 1.00, respectively). 1RM did not change significantly in the control group (p = 0.399).

***Table 2 here somewhere***

Associations between changes in 1RM, body composition and inflammatory markers. At wkO
measurements circulating leptin concentration showed a strong positive correlation with total fat mass (R =

0.843, p<0.001) and abdominal fat mass (R = 0.775, p<0.001) when all the subjects were pooled. In

10
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addition, in the pooled data circulating adiponectin correlated negatively with 1IRM (R = 0.355, p=0.001)
and IL-6 had a weak positive correlation with abdominal fat mass (R = 0.263, p = 0.024). The greater
reduction in fat mass was associated with greater reduction in circulating leptin concentration. As in the
initial phase of RT when the groups are pooled, the change in total fat mass and abdominal fat mass
correlated significantly with the change in circulating leptin concentrations (R=0.406, p<0.001; R=0.391,
p<0.001, respectively). The same was observed during specialized training as the change in circulating
leptin concentrations correlated with the change in abdominal fat mass as well as with the change in total
fat mass (R = 0.363, p=0.004; R = 0.539, p<0.001, respectively). The greater increase in muscle mass was
associated with a reduction in circulating adiponectin concentrations. As in the pooled data, an inverse
relationship between the change in concentration of circulating adiponectin and the change in total lean

mass from wk4 to wk16 was observed (R =-0.255, p=0.039).
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Discussion

The present study assessed the effects of RT on inflammatory markers, i.e., cytokines and adipocytokines,
in previously untrained men. The unique aspect of the present study was the design with an initial
preparatory phase of RT, comprising of muscle endurance type of RT, followed by either hypertrophy-
strength (HS) or strength-hypertrophy-power (SHP) RT. In the present study, RT modified systemic
inflammation measured as significant modifications in concentrations of selected cytokines. A primary
finding was that the short-term initial phase of RT (4 wk) had significant effects on cytokines and
adipocytokines: circulating pro-inflammatory resistin and MCP-1 concentrations increased, anti-
inflammatory IL-1ra concentrations increased, and circulating leptin concentrations decreased along with
the increasing muscle mass and decreasing fat mass. Furthermore, during the specialized RT periods, HS
RT elicited normalizing effects on inflammation markers, such as circulating resistin and leptin. Also
notable was the enhanced anti-inflammatory effect of RT that was achieved without a concomitant loss in
body mass. It is notable that RT elicited a beneficial effect on body composition as muscle mass increased
and fat mass decreased significantly. Interestingly, these adjustments in body composition were observed
already after 4 wks of training at the end of the initial phase of training. Later, both HS and SHP RT further
increased muscle mass, but reduction in fat mass was observed only after HS RT whereas, in the control
group, a significant increase in fat mass was observed. Finally, we report that decreases in abdominal fat

mass seem to be associated with the magnitude of the reductions in leptin concentrations.

Adipocytokines (also refered as adipokines) adiponectin, leptin, and resistin, are hormones that were
initially found to be secreted by adipocytes and to regulate energy metabolism linking nutritional status to
neuroendocrine function (Ouchi et al. 2011). Resistin stimulates the production of pro-inflammatory
cytokines, and has been associated with obesity and atherosclerosis (Zhang et al. 2010) and several other
diseases (Cao 2014). In the present study, we observed an increase in circulating resistin concentrations
during the initial phase of RT, despite reductions in total and abdominal fat mass. However, muscle mass
and muscle strength were increased. Our observation of increased circulating resistin concentrations could

be due to the increased secretion of resistin by the activated anti-inflammatory macrophages in muscle

12
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tissue (Schwartz and Lazar 2011, Filkova et al. 2013). It has been shown that unaccustomed exercise leads
to muscle damage characterized by transient ultrastructural myofibrillar distribution (Clarkson and Hubal.
2002, Pillon et al. 2013). Exercise-induced muscle damage initiates tissue repair and remodeling, which
leads to the accumulation of inflammatory cells, including macrophages, into the muscle tissue. The
activated macrophages, depending on their type, secrete pro-inflammatory and anti-inflammatory cytokines,
which are needed for the regulation of muscle adaptations after exercise. (Hyldahl and Hubal 2014, Peake
et al. 2017). The increased resistin concentrations in the present study could be due to macrophage
activation and could be part of the efficient inflammation resolving process that has been shown to lead to
regeneration of muscle fibers (Peake et al. 2017). Previous studies have demonstrated reduced resistin
levels immediately after hypertrophic RT (Ihalainen et al. 2014, Varady et al. 2010). The present study
found that during the specialized training period a significant reduction in resistin concentrations was
observed only in the HS group. While speculative, we suggest that the new and unaccustomed training
stimulus, explosive training, in the SHP program could have unbalanced the homeostasis of the body,

which in turn induced muscle damage and elicit another initial response to a different stimulus.

Leptin is a pro-inflammatory hormone mainly secreted by adipocytes and acts as a peripheral signal

informing the central nervous system of changes in the amount of adipose tissue in the body (Bouassida et
al. 2010). In the present study, already 4 weeks of RT reduced circulating leptin concentrations in healthy

young men. There was a correlation between the change in abdominal and total fat mass and reduction in
leptin concentrations, which emphasizes the fact that changes in leptin levels seem to depend on a reduction
in fat mass. It is possible that we did not observe significant reductions in leptin concentrations in the SHP
group because fat mass was not reduced during training. The present study demonstrates that a significant
reduction in body weight is not needed for a significant reduction in circulating leptin concentrations,
although this study is in line with the previous studies, which have shown that a reduction in leptin is
dependent on a reduction in fat mass (Baile et al. 2000). RT has been shown to favorably affect body
composition (Kraemer et al. 2002). The effect of RT on body composition and inflammation markers seems
to be strongly dependent on the intensity and external load of RT. In the beginning of the training, the

beneficial effects in fat mass and leptin were observed with moderate intensity muscle endurance type
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resistance training. However, for further improvements, more metabolically demanding HS training, with
higher volume (repetitions X load), slow velocity (longer muscle contraction), and shorter rest intervals than

in SHP seems to be advantageous (Kraemer and Ratamess 2004).

An increase in MCP-1 concentrations was observed after four weeks of training. Later, both HS and SHP
led to normalized MCP-1 concentrations. Thus, MCP-1 was significantly reduced after the specialized RT
period in HS and SHP regardless of an absence of changes in fat mass in SHP. MCP-1 has been shown to
increase after acute strenuous endurance type exercise (Suzuki et al. 2003), whereas a significant increase
(Wells et al. 2016) or reduction (Thalainen et al. 2014) has been observed after resistance exercise. Troseid
et al. (2004) suggested that especially visceral fat mass would have an effect on plasma levels of MCP-1.
However, MCP-1 is also a potent chemotactic and activating factor for macrophages, inflammation, and
skeletal muscle regeneration (Shireman et al. 2007). While speculative, the mechanism that could lead to
higher MCP-1 concentration could be related to the muscle damage and the following muscle regeneration
experienced during the initial phase of RT (Peake et al. 2005, Peake et al. 2017). Other mechanism that
might lead increased MCP-1 concentrations after the initial phase of RT could be related to shear stress in
vascular smooth muscle cells experienced in early phase of resistance training (Shyy et al. 1994).
Nevertheless, more research is needed on the mechanisms that lead to higher circulating MCP-1
concentrations in the initial phase of RT. Furthermore, long-term resistance training seems to elicit a
beneficial reduction in circulating MCP-1 concentrations as at the end of the study, after 12 weeks of
specialized RT, a reduction in MCP-1 was observed in both training groups. The results of the present
study suggest that changes in circulating MCP-1 concentrations are not entirely dependent on changes in

adipose tissue mass.

In the present study a significant increase in IL-1ra, which is known to inhibit the pro-inflammatory
response, was observed already after the first four weeks of training. Previously Lancaster & Febbraio
(2014) suggested that the anti-inflammatory effect of exercise would be elicited by the release of IL-6 from
skeletal muscle and subsequent production of IL-1ra by monocytes and macrophages. The previous studies

on circulating IL-1ra and resistance exercise studies report on the acute effect of exercise, rather than on

14
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basal levels (Peake et al. 2005, Izquierdo et al. 2009). Recently, Forti et al. (2017) showed that training only
with high external load increases the basal levels of IL-1ra. Even if the RT program during the HS and SHP

was progressive, it might be that it was not sufficient to elicit a significant response in IL-1ra.

Limitations of the study. The strength of this study is its prolonged randomized design training
intervention. In addition, this study showed how starting RT affects the inflammation status and further
compared the effects of two progressive and specific RT program on inflammation markers. Despite these
strengths, our study has some limitations. First, the participants in this study were young healthy adults and
therefore the results may not be applicable to other populations. Second, nutritional status has been shown
to affect inflammation status. We followed the dietary intake of participants only once during the 16 weeks
of training. Thus, we cannot rule out the effect of nutritional alterations on the present results, however,
subjects were instructed to maintain their normal diet throughout the study. In addition, subjects received a
post-exercise supplement that included carbohydrates, whey, or whey and carbohydrates. It has been
suggested that whey could produce an anti-inflammatory effect (Krissansen 2007). However, due to a
careful randomization and such a large n-size we found it improbable that there would be a consistent
difference due to the supplements between the training groups. Lastly, although in the present study several
different factors are suggested to be important markers and/or regulators of inflammation, there are many

other pro- or anti-inflammatory factors that could be measured.

Summary and Conclusion

In the present study, we show an overall anti-inflammatory effect of RT in healthy, young previously
untrained men. Circulating leptin concentrations as well as total and abdominal fat mass decreased and IL-
Ira increased already after four weeks of RT. Interestingly, we also observed increased circulating resistin
and MCP-1 concentrations after 4 wk of RT, and those reduced towards their initial levels during prolonged
RT probably as a consequence of muscle adaptation and regeneration. When aiming for reductions in
abdominal fat mass and a more favorable inflammation status, metabolically more demanding RT, e.g.

hypertrophic type of training should be preferred over strength and power type of RT.
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Table 1. Effects of RT on the circulating levels of inflammatory markers *: Significant within-group change from pre to wk4. #: Significant
within-group change from wk4 to wk16, X: significant between group difference. na= not analysed.
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HS + SHP (n=68) SH (n=37) SHP (n=31) C (n=14)
wkO 1.5 +0.1 1.4 +0.1 1.6 +0.2 1.9 +04
hs-CRP (mg-L™) wkd 1.7 £0.2 1.5 £0.2 1.9+0.3 na
wk16 1.5 +0.2 1.4 +0.2 1.7 +0.3 1.6 +0.5
wkO 248.1 + 16.7 234.1 +21.1 250.0 + 26.1 236.2 +23.6
MCP-1 (pg'mL™") wk4 264.2 + 16.8* 258.8 +22.5% 278.3 +21.2% na
wk16 233.8 + 14.7# 233.7 + 20.0# 239.1 +21.0# 224.1+18.8
wkO 1.1 +0.1 1.2 +0.2 1.0 +0.1 1.0+0.1
IL-6 (pg-mL™) wkd 1.2 £0.2 14 £0.3 1.0 £0.1 na
wk16 1.2 +0.2 1.3 +0.2 1.1 +0.2 1.0 +0.1
wkO 307.2 £19.0 2022 +12.9 330.0 +39.0 323.2 +£26.7
IL-1ra (pg-mL™) wkd 361.1 +19.5%%x 352.1 +£27.3% 377.2 £27.7% na
wk16 3340+ 174 312.1 £17.2 367.4+31.6 208.1 +13.9
wkO 7.0+0.3 75+1.2 6.9+04 9.6+0.9
Adiponectin (pg'mL'l) wk4 6.8+04 74 +0.5 6.2+0.5 na
wk16 6.5+0.3 7.0+0.5 58+04 93+1.0
wkO 6.8+0.7 6.6 +0.7 73+1.1 6.0+0.8
Leptin (ng-mL™") wk4 6.4 +0.5% 6.2+0.7* 6.7 £0.9% na
wk16 6.2+0.6 5.7 + 0. 7##xt 7.0+1.0 63+1.2
wkO 12.1+£05 11.8 +0.6* 12.5+0.9 11.6+1.1
Resistin (ngmL™")  wk4 13.4 +£0.7% 12.9 £ 0.7%* 13.9+ 1.2% na
wk16 12205 11.6 + 0.6# 129 + 1.0# 11.8+1.2
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;';% wkO wkd wk16
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Figure caption

Figure 1. Effects of of RT on IL-1ra, MCP-1, resistin and leptin. *: Significant within-group change from pre to

wk4. #: Significant within-group change from wk4 to wk16, &: significant between group difference.
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